Butang® hepatitis B vaccine has been developed and is produced by Instituto Butantan (IB), with genetic engineering technology, using Hansenulla polymorpha yeast cells. The advantage of this yeast expression system as compared to other expression systems (such as Saccharomyces cerevisiae) is that expression is estimated to be 4 to 10 times higher, helping to decrease the production costs (Hieu et al. 2002) . The vaccine contains (in 1 ml) 20 µg of HBsAg, aluminium hydroxide up to 1.25 mg (in Aluminium), and thimerosal 0.05 mg. In pre-licensure studies Butang showed low reactogenicity and good immunogenicity in adults (Costa et al. 1997 , Ioshimoto et al. 1999 , but additional studies were considered necessary. We report the results of a study conducted to assess the performance of the Butantan hepatitis B vaccine, compared to Engerix B®, which is produced using as expression system S. cerevisiae and widely used and acknowledged as safe and immunogenic both in Brazil and abroad. Development and production of hepatitis B vaccine by IB is part of a project to strengthen the Brazilian vaccine industry, a policy that has been pursued by the Brazilian NIP as a means to decrease vulnerability to market uncertainties. In the past, immunization activities have been jeopardized by insufficient availability of vaccines from international manufacturers. The capacity to both produce a vaccine and demonstrate its satisfactory performance with high scientific standards is strategic for developing countries.
Butang® hepatitis B vaccine has been developed and is produced by Instituto Butantan (IB), with genetic engineering technology, using Hansenulla polymorpha yeast cells. The advantage of this yeast expression system as compared to other expression systems (such as Saccharomyces cerevisiae) is that expression is estimated to be 4 to 10 times higher, helping to decrease the production costs (Hieu et al. 2002) . The vaccine contains (in 1 ml) 20 µg of HBsAg, aluminium hydroxide up to 1.25 mg (in Aluminium), and thimerosal 0.05 mg. In pre-licensure studies Butang showed low reactogenicity and good immunogenicity in adults (Costa et al. 1997 , Ioshimoto et al. 1999 , but additional studies were considered necessary. From 1997 From to 2003 ,465 doses of hepatitis B vaccine have been purchased by the Ministry of Health, 54% of which imported and 46% produced domestically. Vaccination is provided free of charge by public services. By 1995, hepatitis B vaccine was responsible for 73% of vaccine costs in the National Immunizations Program (NIP), although at that time vaccine coverage was low (Gadelha & Azevedo 2003) . Prices have been dropping steadily, so that by now one dose costs around US$0.28.
We report the results of a study conducted to assess the performance of the Butantan hepatitis B vaccine, compared to Engerix B®, which is produced using as expression system S. cerevisiae and widely used and acknowledged as safe and immunogenic both in Brazil and abroad. Development and production of hepatitis B vaccine by IB is part of a project to strengthen the Brazilian vaccine industry, a policy that has been pursued by the Brazilian NIP as a means to decrease vulnerability to market uncertainties. In the past, immunization activities have been jeopardized by insufficient availability of vaccines from international manufacturers. The capacity to both produce a vaccine and demonstrate its satisfactory performance with high scientific standards is strategic for developing countries.
MATERIALS AND METHODS
Study design -This was a double-blind, prospective equivalence study in three centers in Brazil to assess and compare the immunogenicity of a Brazilian hepatitis B recombinant vaccine (Butang®, 20 µg/ml), to a commercially available vaccine as an active control (Engerix B®, 20 µg/ ml). Three centers in different regions of the country followed the same research protocol and addressed differ-ent age groups: Instituto Evandro Chagas (IEC) in Belém, Pará (adults and adolescents), Instituto Materno-Infantil de Pernambuco (IMIP) in Recife, Pernambuco (newborns), and Educandário Social Lar de Frei Luiz (LFL) in Rio de Janeiro (children aged 1 to 11 years).
The study was conducted from mid-2001 almost simultaneously in the different centers, and field work was completed in August 2002. The final laboratory studies were completed in January 2003.
Based on previous studies with Engerix B® at the National Reference Laboratory on Viral Hepatitis at Fiocruz in Rio de Janeiro (NRLVH) in full-term newborns (Motta et al. 2002) and on other studies in children and adolescents (Ferreira et al. 1993 , André 1989 , Greenberg 1993 , Adkins & Wagstaff 1998 , Mahoney & Kane 1999 , Assad 1999 , we anticipated 98% of seroprotection (SP), that is, antibody titer ≥ 10 milli International Units per millilitre (mIU/ml). Based on a more conservative estimate -95% -we found that 258 subjects would be necessary for 80% power to show equivalence defined as difference in seroconversion rates not larger than 5 percentage points between the two vaccines. In adults aged 21-40 years, 624 subjects would be necessary, considering 90% as the reference for seroprotection. This last calculation was based on previous studies in adults with Engerix B® at the same Brazilian National Reference Laboratory (not published).
Since it had been demonstrated that 3 10 µg-doses of Engerix B® in adolescents provided high titers of antiHBs and high seroprotection, similar to those obtained with 20 µg, it was decided to give the same 10 µg dose of both vaccines to newborn infants, children, and adolescents (Leroux-Roels et al. 2000) .
IEC subjects were recruited at schools (adolescents) and military units (adults). Newborns were recruited from IMIP, a private institution, after prenatal screening for HBsAg.
LFL is a private charitable institution, and subjects were recruited at the community level with the approval of the neighbourhood residents' association.
Subjects or their guardians gave written consent to the study, following explanation of the study objectives. The study protocol was approved by ethics committees from the institutions involved.
Subjects identified during initial screening as infected with hepatitis B virus were offered treatment at reference centers. Those who failed to demonstrate seroprotection after the third dose of vaccine were offered additional doses.
For operational reasons, allocation was systematic: at IEC and IMIP, by day of the week, with adjustment for equalizing the two arms of the study; at LFL, by month of birth, without adjustment.
The type of vaccine administered was not revealed to either the vaccine recipients or the research team. A modified scheme to prevent study participants from discovering their study arm consisted of having original vaccine vial labels covered with coded labels at the Brazilian National Center for Storage and Distribution of Immunobiologicals, a division of the Ministry of Health. Although training of study personnel emphasized the importance of not revealing the study arm, strict blinding was not guaranteed, given the differences in vial sizes. Blood samples were labeled only with a number and the name of the source institution, in order to conceal from laboratory personnel the study group to which the specimen belonged.
Inclusion and exclusion criteria -Only healthy subjects who informed not having received previous hepatitis B vaccination were eligible for the study. Candidates who presented a positive or inconclusive HBV serological marker in the first blood sample or were anti-HBc positive after the third dose were excluded from the analysis of adherence to protocol.
Newborn infants should have at least 2 kg of birth weight. In this group HBV antibodies were not considered a reason for exclusion, as they reflected passive immunity from the mother. Only newborns of mothers with HBsAg were excluded.
Full compliance to the study protocol was defined by the following criteria: providing a blood sample for serology before the first dose; receiving three doses of vaccine; interval between the first two doses ≥ 28 days and ≤ 90 days, interval between the second and third doses of at least 120 days, interval between the third dose and final blood sample ≥ 28 days and ≤ 100 days, and blood sample and serology after the third dose.
Nutritional evaluation -Subjects were measured (weight and recumbent or vertical height as indicated) and classified into nutritional categories. For children >1 to < 2 years z-score of weight for height (CDC 2000) was used as follows: underweight = z < -2; adequate = z ≥ 2 to ≤ 2; overweight = z > 2; children ≥ 2years and adolescents: z-score of BMI -body mass index -(CDC 2000): underweight = z < -2; adequate = z ≥ 2 to ≤ 2; overweight = z > 2; adults >20 years (Bray 1989) : underweight = BMI < 20; adequate = BMI 20-24.9; overweight = BMI 25-29.9; obese = BMI ≥ 30. All newborns were considered adequate nutritionally , as we included only those with ≥ 2kg of birth weight, a group known to respond very well to hepatitis B vaccine (Saari 2003) .
Vaccine administration -Vaccine administration was intramuscular in the deltoid (adults, adolescents, and children) and in the antero-lateral thigh (infants). Needle size was chosen according to fat thickness at the injection site. In general, the needles used were 24 G 3/4 in infants and children and 22 G 1 or 22 G 1 1/4 in adolescents and adults. For both vaccines, a dose of 10 µg (0.5 ml) was administered to infants, children and adolescents and 20 µg (1 ml) to adults. The recommended schedule was 0, 1, and 6 months.
Due to the expiration date of Butang®, the vaccine lot for the first two doses was different from the lot used for the third dose. With Engerix B®, the same lot was used for all three doses.
Laboratory tests -Serological studies were performed at IEC and at the Department of Virology of the Oswaldo Cruz Foundation (Fiocruz), the Brazilian Ministry of Health reference laboratories for viral hepatitis. Both laboratories used the methods described below.
Serological analysis was conducted on blood samples drawn on two occasions: just prior to the first vaccine dose, and from 28-100 days after the third dose. At IEC an additional blood sample was drawn in 20% of volunteers, just prior to the third dose.
Serum samples collected before the first dose were screened for HBV markers (HBsAg, anti-HBs, and antiHBc). Anti-HBc and quantitative determination of antiHBs were performed after the third dose.
HBsAg, anti-HBs, and anti-HBc were evaluated by the enzyme immunoassay from Hepanostika® Organon [Marcy l'Etoile, France]: HBsAg -HBsAg Uniform II; AntiHBc -Hepanostika anti-HBc Uniform; anti-HBsHepanostika anti-HBs.
Automatic quantitative analysis of anti-HBs (mIU/ml) was performed using the Access® AbHBsII immunoenzymatic assay from Beckman Coulter (Fullerton, California, US).
A sub-sample of 100 blood samples selected randomly from sera tested at the Evandro Chagas Laboratory (from adolescents and adults) were recoded and sent to be retested for quantitative antiHBs at the Fiocruz laboratory. Likewise, 100 blood samples selected randomly from blood samples tested initially at Fiocruz were recoded and sent to be retested at Evandro Chagas Laboratory. AntiHBs levels were measured without knowledge of previous results. Reliability of the measurements was assessed by the intra-class correlation coefficient (ICC) stratified by origin of the samples.
Data base and analysis -Data were entered into an Epi-Info database (Dean et al. 1994) , and analyzed with SPSS v. 11 (SPSS Inc., Chicago, US, 1999).
All subjects entered into the database remained there, even if they failed to adhere to the study protocol. Subjects found to have received hepatitis vaccine outside the study after it began were excluded from analysis.
Two variables were considered for anti-HBs quantitative evaluation after the third dose: seroprotection defined as anti-HBs ≥ 10 mIU/ml (primary outcome) and anti-HBs titers in mIU/ml (secondary outcome). Similar criteria were used for evaluation of immunogenicity after the second dose (secondary outcomes).
Seroprotection and immunogenicity were evaluated for all subjects adhering to the protocol, and for all subjects with quantitative anti-HBs results, including noncompliers, so that any exclusion bias could be detected. These criteria were used for analysis of the final blood sample (after the third dose) and also for the sample prior to the third dose. In the latter case, adherence to protocol was verified at the moment of the second blood sample, just prior to the third dose.
The response of primary interest was the percentage of vaccines achieving a seroprotective level of anti-HBs after the third dose of vaccine (≥ 10 mIU/ml), while measures of secondary interest were the percentage achieving seroprotection after the second dose and the geometric mean titer (GMT) of anti-HBs after the second and third doses of vaccine.
Differences in the proportions of seroprotection (Butang® -Engerix B®) and 90% confidence intervals were calculated, as has been recommended for equivalence studies (Blackwelder 1998) . A -5% difference was accepted as the limit for defining equivalence between the two vaccines. The null hypothesis of superiority of Engerix B® was rejected when the lower limit of the confidence interval was not lower than -5%.
The ratio between the geometric mean anti-HBs titers (GMT) for the two vaccines after the third dose and the corresponding 90% confidence intervals were calculated. The null hypothesis of superiority of Engerix B® was rejected when the lower limit of the confidence interval for the ratio GMT Butang®/GMT Engerix® was higher than 0.67.
To estimate the statistical significance of the difference in proportions between seroprotected versus nonseroprotected, one-sided chi-square and Fisher exact test were used. The 90% confidence intervals for this difference were calculated by the large samples method with Fleiss continuity correction. Logistic regression and multiple regression techniques were applied to adjust for imbalances between groups in relevant covariates.
RESULTS
A substantial proportion of study participants (particularly among adults and newborns) failed to meet all the protocol requirements, due to serological evidence of previous vaccination, previous or concurrent infection or loss to follow up (Table I ). The proportion of non-compliant participants was similar across comparison groups. Results for adult vaccines were partitioned into two sets for descriptive summarization and analysis because Butang® was clearly less immunogenic in older (31-40 years) as opposed to younger (20-30 years) ( Table I) .
In newborns, only two babies were excluded because of positive serology before first dose, in both cases due to HBsAg positivity in their mothers.
In children before the first vaccine dose, there was serological evidence of previous vaccination (positive anti-HBs was the only marker found) in 2.8% of subjects, mostly in children under 4 years of age, an age group that represented 11.5% of recruited children and 7.4% of those who adhered to protocol. Another 4% of subjects had some other positive or inconclusive HBV marker and were also excluded from the analysis of adherence to protocol.
At IEC, positive serology before the first dose caused aproximately 15% of losses. In adolescents, positive serology indicated previous vaccination in most cases. In adults 31-40 years old, positive serology were mostly from prior infection, while in young adults (20-30 years old) there was a similar percentage of subjects with serological evidence of prior vaccination or infection.
Study subjects in the Butang® and Engerix B® groups had a balanced distribution by age, sex, nutritional status, and intervals between doses and between last dose and blood collection, except sex in adolescents, where there was a significantly larger proportion of females among subjects vaccinated with Butang®. The statistical difference between 2nd and 3rd dose in adolescents and adults has no biological meaning (Table II) .
Immunogenicity -Retesting of sera collected after dose 3 showed very high agreement between the two laboratories. Comparison of the logN transformed anti-HBs titers showed an ICC of 0.975 (95% CI: 0.882-0.990) for the sera tested first at IEC and 0.995 (95% CI: 0.992-0.997) for those originally tested at NRLVH. For both vaccines, proportions of seroprotection (SP) and geometric mean titers (GMT) were maximal in children (Table III) . In newborn infants and adolescents, SP rates were similar whereas in adults Engerix performed much better. Children aged 1-10 years showed the strongest immune response, which decreased with age, particularly in the Butang group. Considering SP and GMT, Engerix B® performed better than Butang®, except in children 1-10 years of age, for whom vaccines could be considered equivalent, because the confidence limits of the difference in proportions and of the GMT ratio were within the limits set to define equivalence between the vaccines. Among adolescents, the data showed equivalence in SP but not in GMT. For newborn infants, adults 20-30 years of age, and especially in adults 31-40 years of age, confidence limits were outside those limits both for differences in seroprotection rates and GMT (Table III) .
Conventional categories of nutritional status did not discriminate study subjects. There were very few individuals in the "underweight" and "obese" categories (Table II) . BMI in adults and z scores of weight for age in children were not correlated with magnitude of immune response (see multivariate analysis below).
The difference in immunogenicity between Butang® and Engerix B® was greater in newborns and adults, and GMT was consistently higher in females in all age groups. Age and sex appeared to modify the comparative effects of the vaccines (Tables III and IV) .
On logistical regression, seroprotection was significantly associated with type of vaccine in older adults (>31 years old) only. In young adults (20-30 years old) BMI and sex were independent predictors and confounders of the association of type of vaccine and seroprotection, which showed marginal statistical significance (odds ratio = 1.85; p = 0.09).
In multiple regression, the type of vaccine was a significant predictor of the magnitude of the immune response (anti-HBs titers) in all age groups, adjusting for relevant covariates. The only significant modification of the effect of vaccine was found in children: in boys but not in girls the type of vaccine explained part of the difference in anti-HBs titers between vaccination groups. Among study subjects with age above 11 years, women had a stronger immune response compared to men. Nutritional status was an independent predictor of the strength of immune response only in young adults (higher BMI had weaker immune response) and newborns (larger infants had stronger immune response). The effect of BMI on the immune response among adolescents was not conclusive (marginal statistical significance).
Immune response after two doses was evaluated in a sub-sample of adolescents (N = 115 Butang® and 160 Engerix B®), 20-30-year-old adults (N = 105 Butang® and 90 Engerix B®), and 31-40-year-old adults (N = 47 Butang® and 67 EngerixB®). Seroprotection rates (GMT) were respectively 60% (13.8 mIU/ml), 61% (16.4 mIU/ml), and 44.7% (7.8 mIU/ml) with Butang®, and 78.8 (37.7 mIU/ml), 82.2 (36.3 mIU/ml), and 74.6 (31.2 mIU/ml) with Engerix B®. Safety -Adverse events were actively searched for and no serious adverse event attributable to the vaccines was observed in any study subject. Adverse events following the previous dose led to interruption of the vaccine schedule and elimination from the study in 13 cases (8 with Butang® and 5 with Engerix B®), but in only 2 cases there was a clear indication of a causal relationship to vaccination: generalized pruritus in 1 adolescent and generalized urticaria in 1 adult. Both occurred soon after Engerix B®, with full and fast recovery.
DISCUSSION
A comparison between different studies on the immunogenicity of hepatitis B vaccines is difficult, due to differences in vaccine characteristics and formulation, vaccination schedules, vaccination sites, injection procedures, timing of blood sampling, sensitivity of laboratory methods, and unexplained factors, resulting in a wide range of seroprotection and anti-HBs geometric mean titers (GMTs) with the same vaccine (André 1989 , Greenberg 1993 , Adkins & Wagstaff 1998 , Mahoney & Kane 1999 , Assad 1999 , Keating & Noble 2003 .
Overall, in the present study, after 3 doses, Butang was equivalent to Engerix B in children and less immunogenic in newborn infants, adolescents, and adults. After 2 doses, in adolescents and adults, Butang was less immunogenic than Engerix B.
Our results in adolescents are similar to those obtained by Baldy with 3 doses of 10 µg of Butang or Engerix B (Baldy et al. 2004 ). Our finding of decreased immunogenicity after 30 years with Butang is in agreement with a recent meta-analysis of the effect of age on immunologic response to recombinant hepatitis B vaccine (Fisman et al. 2002) . The effect of sex and nutritional status on the immune response to vaccination against hepatitis B had also been reported before, but have no clear biological explanation.
The reason is not entirely clear for the somewhat lower results of immunogenicity from Engerix B® after 3 doses in adults and after two doses in adolescents and adults, compared to those reported in the literature, but this may be due to lower sensitivity of the laboratory test used. Although the comparability of test results obtained by the two laboratories involved in the study was guaranteed by the high degree of agreement obtained with blind retesting, commercial laboratory kits do vary in accuracy.
It is also not clear why Butang® displayed lower immunogenicity than Engerix B®, since the two vaccines theoretically had the same concentration of HBsAg. It is possible that differences caused by different expression systems, different methods of quantification of HBsAg content by manufacturers, or minor differences in vaccine composition, account for the immunological difference, as has been reported (ul-Haq et al. 2003 , Vanlandschoot et al. 2003 .
Lack of randomization, losses to follow-up, and vulnerable blinding of allocation were the main limitations of this study. However, systematic allocation appears to have generated comparable, well-balanced groups in terms of sex and age, which were the relevant prognostic variables. Therefore, allocation does not appear to have appreciably influenced the results. Results were consistent across institutions and age groups, except for children (LFL center), which were scrutinized in search of protocol violations, and none were found that might have influenced the immunogenicity results. Among the study's strengths were its large sample size approached with the same research protocol, homogeneous immunization procedures, precise and accurate laboratory methods used in strictly blinded samples, stringent criteria for adherence to protocol, and independence in relation to the vaccine manufacturers. The high agreement on serological results after blinded cross-retesting of samples between the two reference laboratories ensured the confidence in the laboratory evaluation of immunogenicity.
Butang® was highly immunogenic and equivalent to Engerix B® in children, but less immunogenic in newborn infants, adolescent and adults. This study reinforces the concept that each hepatitis B vaccine produced by different manufacturers must be viewed as a distinct product. There is no minimum requirement for antigen content of a hepatitis B vaccine, and based on the results of clinical trials, manufacturers should establish the protein/antigen content of their vaccine (WHO 2001) . The Butantan Institute vaccine showed satisfactory performance in this clinical trial, which support its use in younger age groups. However, there is room for further improvement in its immunogenicity, particularly in adults. The implications of the comparatively lower immunogenicity for individuals with immunodeficiency and for the duration of protection remain to be seen.
